ABSTRACT.-Eleven k i n d s of pure i r o n specimens dopted with a s m a l l amount of r a r e e a r t h elements were used i n present research. Int e r n a l f r i c t i o n s were measured with a t o r s i o n pendulum. Experimental r e s u l t s s h~w e d that t h e n i t r o g e n Snoek peak becomes broadened and t h e optimum i n t e r n a l f r i c t i o n s h i f t s t o a higher temperature. When the r a r e e a r t h elements a r e i n c r e a s e d the n i t r o g e n peak tends t o s e p a r a t e i n t o two p a r t s . I n g e n e r a l , the h e i g h t of nitrogen Snoek peak decreases with t h e i n c r e a s e of rase e a r t h contents.
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ABSTRACT.-Eleven k i n d s of pure i r o n specimens dopted with a s m a l l amount of r a r e e a r t h elements were used i n present research. Int e r n a l f r i c t i o n s were measured with a t o r s i o n pendulum. Experimental r e s u l t s s h~w e d that t h e n i t r o g e n Snoek peak becomes broadened and t h e optimum i n t e r n a l f r i c t i o n s h i f t s t o a higher temperature. When the r a r e e a r t h elements a r e i n c r e a s e d the n i t r o g e n peak tends t o s e p a r a t e i n t o two p a r t s . I n g e n e r a l , the h e i g h t of nitrogen Snoek peak decreases with t h e i n c r e a s e of rase e a r t h contents.
On t h e b a s i s of the experimental r e s u l t s i t i s suggested t h a t the r a r e e a r t h elements i n t h e i n t e r i o r o f pure i r o n g r a i n s is i n a s t a t e of s o l i d s o l u t i o n .
The high temperature i n t e r n a l f r i c t i o n s were measured i n two pure i r o n specimens c o n t a i n i n g d i f f e r e n t c o n t e n t of Lanthanum. Two i n t e r n a l f r i c t i o n peaks were obtained i n each specimen. One i n t e r n a l f r i c t i o n peak around 550'C i s t h e g r a i n boundary peak of pure i r o n , while the o t h e r i n t e r n a l f r i c t i o n peak around 700°C i s a new one.
A f t e r t r e a t i n g one of the above two specimens i n t o very l a r g e g r a i n s i n specimen both t h e i n t e r n a l f r i c t i o n peaks of pure i r o n and new one were a l l o d i s a p p e a r e d . Only the pure i r o n g r a i n boundary peak around 500 C w a s observed i n t h e pure i r o n specimen containing no r a r e e a r t h elements. Therefore, t h e new i n t e r n a l f r i c t i o n peak may be a s s o c i a t e d with t h e g r a i n boundary which adsorbed a small amount of r a r e e a r t h elements.
Based on t h e r e s u l t s presented as above, i t may be concluded t h a t t h e r a r e e a r t h elements i n pure i r o n d i s t r i b u t e not only i n the i n t e r i o r of g r a i n s i n a s t a t e of s o l i d s o l u t i o n , but a l s o segregate s l i g h t l y at the g r a i n boundary a r e a i n a s t a t e of adsorpt i o n .
1. Introduction.-The a p p l i c a t i o n s of r a r e e a r t h elements t o i n d u s t r y o f i r o n and s t e e l a r e very extensive (1.2).
However t h e mechanism of phys i c a l phenomena i s still i n ambiquity, e s p e c i a l l y t h e fundamental i d e a about the d i s t r i b u t i o n and the s t a t e of a s m a l l amount of r a r e e a r t h elements i n i r o n and s t e e l are s t i l l i n argument.
I n t h e p a s t , q u i t e a number of i n v e s t i g a t i o n s (3-6) had showed t h a t i n t e r n a r y n i t r o g e n -f e r r i t e a l l o y systems, because of t h e i n t e r a ct i o n between s u b s t i t u t i o n a l and i n t e r s t i t i a l s o l u t e s , t h e n i t r o g e n Snoek peak becomes broader and the optimum temperature s h i f t s t o a h i g h e r temperature, sometimes the peak even t e n d s t o s e p a r a t e i n t o s e v e r a l compon e n t r e l~x a t i o n s . I n general, t h e h e i g h t of t h e peak d e c r e a s e s with t h e i n c r e a s e of a l l o y i n g elements contents. These i n v e s t i g a t i o n s have given important information on t h e n a t u r e of s u b s t i t u t i o n a l and i n t e rs t i t i a l s o l u t e s i n t e r a c t i o n i n t h e i n t e r i o r of grain.
A f t e r t h e i n t e r n a l f r i c t i o n peak of g r a i n boundary was first
Article published online by EDP Sciences and available at http://dx.doi.org/10.1051/jphyscol:1981569 observed i n pure p o l y c r y s t a l by K6 ( I 1,12), q u i t e a number of i n v e s t ig a t i o n s i n t h i s f i e l d were followed (13-T5).
Pearson and Rotherham (16) found t h a t f o r higher valency s o l u t e s content n e a r l y 15, the o r i g i n a l g r a i n boundary peak f o r t h e FCC pure metals (PM peak! i a s u~p r e s s e d , and a new s o l i d s o l u t i o n peak (SS peak) then appeprs a t higher temperzture. The a c t i v a t i o n e n e r g i e s f o r the SS peal: i n a l a r g e number of FCC metal s o l u t i o n s a r e a l l g r e a t e r than t h a t of corresponding P M peak and n e a r value c h a r a c t e r e s t i c of s e l f -d i f f u s i o n f o r a l l o y mentioned (16) (17) .
Barrand (1 8 ) h a s obtained a P M and a SS peak i n BCC Fe-Cr a l l o y s , where the SS pe(8.k again showed an a c t i v a t i o n e n e r g i e s a r e a l s o g r e a t e r than t h a t of PM peak and close t o t h a t f o r i t s s e l f -d i f f u s i o n . I n t h i s paper attempt i s made t o f i n d t h e dependence of the change of n i t r o g e n Snoek peak and g r a i n boundary peak i n pure i r o n c o n t a i n i n g a s m a l l amount of r a r c e a r t h elements. I n o r d e r t o study the d i s t r i b u t i o n and the s t a t e of a small amount additions. Although few s t u d i e s had been examined, i t only d e a l t w i t h t h e e f f e c t of these a d d i t i o n s , but the d i s t r i b u t i o n and t h e s t a t e of r a r e e a r t h elements i n i r o n a~d s t e e l r e l a t e d t o t h e change of n i t r o g e n Snoek peak and obs e r v a t i o n of SS g r a i n boundory peak were excluded from c o n s i d e r a t i o n (8-1 0 ) .
2. Exgeriroental Methods. -I n t e r~a l f r i c t i o n measurements were c a r r i e d o u t i n K'f's pendulum previously described (5, 1 1 , 12). The chief specimens used i n the experiment were prepared f r o n pure i r o n , p u r i f i e d by e l e c t r o n bombardment and dopted with a s m a l l amount of pure s i n g l e r a r e e a r t h elements i n d i f f e r e n t c o n t e n t s (1. pure i r o n containing no r a r e e a r t h , 2. 0.002 w t % La, 3. Another specfmeno were prepared from Armco i r o n c o n t a i n i n g a s m a l l amount of mixed r a r e e a r t h eletients (Armco i r o n . c o n t a i n i n g 0.035
Re, 0.1 6 W@, Re). I n o r d e r t o remove carbon and n i t r o g e n contained i n tlz specimens all the eleven specimens were annealed i n an atmosphere of wet hydrogen a t 720" C f o r 46 h r s and then quenched i n t o water. L f t e r adding n i t r ogen, except specimen 4, a l l t h e speci.mens were t r e a t e d a t 580°C i n a mixture of dry hydrogen and ammonia (1 NH3:1H2 by volume) f o r t h r e e hours. Homogenizatior, were c a r r i e d o u t by h e a t i n g i n an atmosphere of argon and then quenched i n c016 water (5, 6) .
Every experiment€' curves w a s repeated f o r s e v e r a l times under the sane condition u n t i l the same i n t e r n a l f r i c t i o n curve w a s obtalned accurately.
3. Experimental. R e s u l t s and Discussior,.-( I ) Changes of n i t r o g e n Snoek peal: by means of adding r a r e e a r t h e l ements I n t e r n a l f r i c t i o n as a f u n c t i o n of temperature were measured f o r specimen 1,2,3.
The v i b r a t i o n a l f r e q u e n c i e s used were 1 .l 2 Hz, 1 .l 5 Hz, 1.15 H z f o r specinens 1,2,3, r e s p e c t i v e l y . A s e t of i n t e r n a l f r i c t i o n curves were obtained as shown i n Fig.1 .
Experimental. r e s u l t s demonst r a t e t h a t the n i t r o g e n Snoek peaks become broadened and the optimum i n t e r n a l f r i c t i o n s h i f t t o a higher temperature, When the Lanthanum a r e increased t h e n i t r o g e n Snoek peak tends t o s e p a r a t e i n t o two parts.
The h e i g h t of n i t r o g e n Snoek peak d e c r e a s e s f o r specimen 3 with 0.009 wt$o of Lanthanum contents. Thowh t h e height of i n t e r n a l f r i c t i o n peak of specimen 2 with 0.002 W% of Lanthanum is i n appearance l a r g e r than t h a t of specimen 1. It may be t h e o v e r a l l of two peaks.
The o t h e r s e t of i n t e r r l a l f r i c t i o n curves were obtained f o r t h e case of Cerium i n s t e a d of Lanthanum, as shown i n Fig.2 . The frequency of v i b r a t i o n l .le Hz was used f o r specimen 5 and 6. Excepting t h e n itrogen Snoek peaks broadening, s e p a r a t i n g and the optimum i n t e r n a l f r ic t i o n s h i f t i n g t o t h e higher temperzture they a r e a l l s i m i l a r t o those mentioned above r e s u l t s . The h e i g h t of Snoek peaks decreased obviously with an i n c r e a s e of Cerium contents.
When Yttrium nnd mixed r a r e e a r t h i n s t e a d of Lanthanum o r Cerium i n specimens, the nitrogen Snoek peaks were obtained as shown i n Fig.3 . and Fig.4 .
The r e s u l t s a r e a l l similar t o t h a t a s shown i n Fig.? . and Fig.2 .
I n o r d e r t o avcid the e f f e c t of n i t r o g e n p r e c i p i t a t i o n , t h e treatment of specimen and measurement of i n t e r n a l f r i c t i o n were k e p t i n same procedure as mentioned above.
Based on the above experimental r e s u l t s , i t may be concluded t h a t t h e n i t r o g e n Snoek peak becomes broadener, s h i f t s t h e optinlum i n t e r n a l f r i c t i o n t o higher temperature and decreases the h e i g h t of t h e i n t e r n a l f r i c t i o n peak by adding a small amount of r a r e e a r t h elements i n pure i r o n specimen a r e general r u l e s .
Evidently, these broadener peaks can n o t be i n t e r p r e t e d i n terrcs of a s i n g l e rela.xation time and consequently a number of r e l a x a t i o n proc e s s e s a r e assumed t o c o n t r i b u t e t o the o v e r a l l damping.
Therefore, i t may be suggested t h a t r a r e e a r t h elements i n pure i r o n d i s t r i b u t e i n the i n t e r i o r of the g r a i n , and p r e s e n t i n a s
t a t e of s u b s t i t u t i o n a l s o l i d s o l u t i o n s . These phenomena a r e s i m i l a r t o those of o t h e r s u b s t i t u t i o n a l a l l o y elements c o n t a i n i n g i n pure i r o n as prev i o u s l y r e p o r t e d (4-7). When the Fe-Re specimen i s n i t r i d e d under s u it a b l e conditions, t h e solute-atom p a i r s and c l u s t e r s a r e proiruced i n t h e i n t e r i o r of g r a i n s by the i n t e r a c t i o n between the s u b s t i t u t i o n a l s o l u t e atom of r a r e e a r t h and i n t e r s t i t i a l s o l u t e atom of nitrogen. The nitrogen Snoek peak and i n t e r a c t i o n peak: were c a r r i e d o u t due t o stress-induced o r d e r i n g of n i t r o g e n atoms and r o t a t i n g of atomic p a i r s and c l u s t e r s forming v a r i o u s component r e l a x a t i o n s . The bro-aderling of Snoek peak by Re a d d i t i o n i n pure i r o n can be i n t e r p r e t e d consequently by the s u p e r p o s i t i o n of these v a r i o u s component r e l a x a t i o n s . (2) Observation of new i n t e r n a l f r i c t i o n peak
The high tempereture i n t e r n a l f r i c t i o n of specimen 4 (0.06 w v o L a ) a f t e r removing the carbon and n i t r o g e n w a s measured. I n order t o avoid o x i d a t i o n thn specimen was k e p t i n the atmosphere 02 argon from begining t o end on t h e measurement. Two i n t e r n a l f r i c t i o n peaks were observed as shown i n r'ig.5.
The curve 1 w i t h i n the f i g u r e was obtained by the original. data. The curve 2 denoti-.g the high temperbture background may be considered as a n e a r l y e x p o n e n t i d f u n c t i o n of I / T whei-e T i s t h e aFs o l u t e tempereture. This curve was obtained from the r e l a t i o n (19-21)
Where t h e parameters A & U a r e taken frorn experjmental data. The curves 3 a r e t h e i n t e r n a l f r i c t i o n as a f u n c t i o n of 1/T a f t e r s u b t r a c t i o n of t h e background a s curve 2 from curve 1 , two i n t e r n a l f r i c t i o n peaks appear very c l e a r l y . One i n t e r n a l f r i c t i o n peak around 570°C with the frequency 0.73 Hz may be the g r a i n boundary peak of puxe i r o n (i.e. FM peak), i t s a c t i v i a t i o n energy deducing from the s h i f t of the peak ternperatuxe with frequency is 2.68 ev. The o t h e r i n t e r n a l f r i c t i o n peak around 7 0 7 '~ with t h e frequency of v i b r a t i o n 0.04 Ilz is a ncri one. its a c t i v i a t i o n energy determined experinlentally i s 3.68 ev.
When the i n t e r n a l f r i c t i o n of a pure i r o n specimen containing no r a r e e a r t h elements w a s measured. Only one i n t e r n a l f r i c t i o n peak was observed a t n e a r l y 476'C with frequency 0.37 &, as shown i n Fig.6 . I t i s e v i d e n t l y t h e g r a i n boundary peak of pure i r o n (i.e. P M peak). The previous specimen 4 thoroughly annealed i n t h e atmosphere of argon a t 1000' C f o r e i g h t hours, i t s grairr became very l a r g e , then the i n t e r n a l f r i c t i o n was measured, the above two i n t e r n a l f r i c t i o n peaks disappeared completely as shown i n Pig.7.
Therefore, t h e new i n t e r n a l f r i c t i o n peak around 7 0 7~~ i n pure i r o n containing r a r e e a r t h elements may be a s s o c i a t e d with t h e g r a i n boundary and concerned with t h e s e g r e g a t i o n of r a r e e a r t h a t t h e g r a i n boundary area, And so t h e new i n t e r n a l f f r c t i o n peak is a g r a i n boundary peak i.e. a s o l i d s o l u t i o n peak (SS peak) appears as i n o t h e r s u b s t i t ut i o n a l a l l o y s (18, 21 ) . The i n t e r n a l f r i c t i o n of'specimen 3 (pure i r o n containing 0.009 W% La), w a s measured i n same procedure under same c o n d i t i o n s as above, A s i m i l a r r e s u l t s was obtained, as expressed i n Fig.8 .
Two i n t e r n a l f r i c t i o n peaks were observed a l s o . One of them appears a t n e a r l y 5 4 6 '~ with frequency 0.93 Nz and a c t i v a t i o n energy 2.5 ev. I t i s t h e i n t e r n a l f r i c t i o n peak of g r p i n boundary i n pure i r o n (i.e. P M peak), Another peak appears a t 689 C with frequency 0.79 Hz, and a c t i v a t i o n energy 3.9 ev. It m a y be t h e s o l i d s o l u t i o n peak (i.e. SS peak) concerned with r a r e e a r t h .
Based on t h e r e s u l t presented as above, i t may be concluded t h a t t h e r a r e e a r t h elements i n pure i r o n d i s t r i b u t e not only i n the i n t e r i o r of g r a i n s i n a s t a t e of s o l u t i o n , but a l s o s e g r e g a t e s l i g h t l y a t the g r a i n boundary a r e a i n a s t a t e of adsorption. 
